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0 Allyltellurldes and their use in the MOCVO growth of group ll-VI epitaxial films. 



© Methyl allyltelluride is described for use in a 
process for depositing group ll-VI epitaxial films in 
semiconductor manufacture. The films are grown on 
crystalline substrates in a MOCVO reactor. 
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ALLYLTELLURIDES AND THEIR USE IN THE MOCVD GROWTH OF GROUP ll-VI EPITAXIAL FILMS 



The invention relates to novel tellurium com- 
pounds and their use in improved processes for 
making semiconductor materials comprising epitax- 
ial growth of group ll-VI semiconductor com- 
pounds. 

A most useful application for semiconductor 
materials of group ll-VI elements is the manufac- 
ture of infrared detector devices. Of special impor- 
tance in this area is the preparation of epitaxial 
films containing cadmium, mercury and tellurium 
deposited on semiconductor substrates. Specific 
compounds that may be grown epitaxially Include 
cadmium telluride (CdTe). mercury telluride. 
(HgTe) and cadmium mercury telluride (CdHgTe). 
Several methods have been used for the growth of 
epitaxial films including liquid phase epitaxy, mo- 
lecular beam epitaxy, elemental vapor phase trans- 
port, and metal-organic chemical vapor deposition 
(MOCVD). The latter, also known as organometallic 
vapor phase epitaxy (OMVPE) is a most convenient 
and practical method for the production of high 
quality epitaxial films. However, this technique has 
not been quite successful in the case of mercury, 
cadmium tellurium compounds, such as for exam- 
ple HgCdTe. In the preparation of this material, 
vapors of dimethylcadmlum and diethyltelluride are 
introduced into an MOCVD reactor and mixed with 
mercury vapor which is generated by heating ele- 
mental mercury. The above vapor mixture in a 
stream of hydrogen carrier gas is allowed to chemi- 
cally interact on the surface of a crystalline sub- 
strate, such as for example CdTe, to form an 
epitaxial film of HgCdTe. There are several prob- 
lems with this method. Rrst. the high temperature 
(greater than 400*C) required to decompose the 
diethyltelluride causes interdiffusion of high vapor 
pressure metals, such as mercury, at crystal inter- 
faces thus resulting in poor quality product. An- 
other important detrimental effect is condensation 
of excess mercury vapor on the walls of the reactor 
unless a hot walled reactor is used. However, the 
hot wall reactor causes premature decomposition 
of the organometallic dimethylcadmlum and thus 
formation of unwanted impurities. 

In attempts to minimize these problems. Jack- 
son in U.S. Patent No. 4.439.267 directs a stream 
of hydrogen carrying vapors of diethyltelluride and 
dimethylcadmlum to a graphite susceptor having 
two cavities, one containing th CdTe substrate 
and the other liquid mercury. The susceptor is 
heated differentially by RF (radio frequency) to 
allow decomposition of the metal alkyls and 
vaporization of mercury, respectively, to occur at 
two different temperatures, such as for example 
400*^0 and 200^0. This process is. however, quite 



complex and difficult to control. Furthermore, it 
does not eliminate condensation of excess mercury 
vapor elsewhere in cooler areas of the reactor. 
Hoke, in U.S. Patent No. 4.568.397 discloses a 

5 method in which mercury is preheated in a sepa- 
rate reservoir at temperatures greater than 240'C 
and the mercury vapor is directed to the MOCVD 
reactor, externally heated to greater than 240 'C. 
and combined with the vapors of the group II 

10 organometallics such as dimethylcadmlum and 
group VI organometallic diethyltelluride to form 
HgCdTe on the heated susceptor containing the 
substrate. However, this method does not eliminate 
premature decomposition of dimethylcadmlum and 

T5 interdiffusion is still a problem due to the high 
temperature (greater than 400 **C) required for the 
decomposition of diethyltelluride. In efforts to mini- 
mize, diffusional problems associated with the high 
temperature growth of lellurides. less stable or- 

20 ganotellurides such as diisopropyltelluride (Hoke, 
Appl. Phys. Lett. 46(4) 398 (1985)] and more re- 
cently. di-tert.-butyltelluride [Hoke. Appl. Phys. Lett. 
48 (24) 1669 (1986)] have been proposed in efforts 
to reduce the growth temperatures. However, at 

25 these lower temperatures the growth rate for the 
formation of tellurides was drastically reduced. For 
example. CdTe an important buffer epitaxial layer 
for HgCdTe. which formed at the rate of 10 um.hr. 
at 370 ^C using diisopropyltelluride, was grown at 

30 only 0.6 um/hr, at 230 *C using ditertiary butyl 
telluride. 

In our copending United States Application 
Serial No. 847.370 filed April 2. 1986 we described 
the method for low temperature growth of groups 
35 ll-VI tellurides using 2.5-dihydrotellurophene as the 
tellurium source. However, a need still exists for 
organotellurium compounds to provide low tem- 
perature epitaxial tellurides at high growth rates. 

40 

The Invention 

This invention deals with the use of certain 
novel allyltellurides as tellurium sources for the 

45 MOCVD epitaxial growth of group ll-VI semicon- 
ductor compounds. The allyltellurides of this inven- 
tion in conjunction with dimethylcadmlum and/or 
dimethylmercury provide good quality epitaxial 
films of CdTe. HgTe, and HgCdTe. The use of 

so dimethylmercury, as the mercury source, elimi- 
nates the need for heating the walls of the reactor 
in order to transport . mercury vapor to the sub- 
strate, and consequently avoids premature deposi- 
tion of tellurides and mercury condensation. The 
allyltellurides* of this invention represent a class of 



novei compounds characterized by the presence of 
at ieast one allyl group and a lower alkyi or allyl 
group. The alkyl group may be one to four carbon 
atoms, preferably methyl. This class of compounds 
is represented by the formula: RTeCHzCHsCHa 
wherein R is alkyl{C'-C*) or allyl 

Examples of compounds useful in this inven- 
tion include methyl allyltelluhde. ethyl allyltelluride, 
n-propyl allyltelluride. j-propyl allyltelluride, n-butyl 
aliylteiluride. tert. butyl allyltelluride and diallyltel- 
luride. 

The alkyl allyltellurrdes above may be syn- 
thesized by the reaction of a dialkyldltelluride and 
allyl lithium or aliyi Grignard reagent according to a 
general procedure described for the preparation of 
unsymmetrical dialkyi tellurides, Organometallics 2- 
(2)305 (1983). The starting ditelluride may in turn 
be prepared by the reaction of tellurium tetrachlo- 
ride and an alkyl Grignard reagent. J. Organomet. 
Chem 255 61 (1983). 

TeCU + RMgBr R2Te2 + RzTe 

R2Te2 + CH2=CHCH2U RTeCH2CH = CH2 

(R as defined above). 

A most convenient and preferred route for the 
synthesis of alkyl allyitellurides is the reaction of an 
alkyf lithium compound first, with tellurium metal to 
form the lithium alkyltelluride intermediate which in 
turn is reacted with allyl chloride fo form the cor- 
responding alkyl allyltelluride. 
RLi - Te - RTeU 

RTeU + CH2=CHCH2CI - RTeCH2CH = CH2 

(R as defined above). 

The diallyltelluride may be prepared by the reac- 
tion of allyl bromide or allyl chloride and sodium 
telluride by a procedure similar to that described 
for the preparation of dialkyltellurides at Naturfor- 
sch. B. Anorg. Chem. 338 . 246 (1978) and at 
Proceedings, 3rd Int. Symp. Organoselenium and 
Organotellurium Compounds p. 391 (1979). 
CH2 = CHCH2Br + NaaTe (CHa =CHCH2)2Te 

The compounds of this invention may be used 
as tellurium sources for the preparation of group II- 
VI epitaxial films such as HgTe. CdTe. PbTe, 
HgCdTe, CdMnTe and the like. In the practice of 
this invention, vapors of the appropriate Group II 
metal such as dimethylmercury and/or dimethyl- 
cadmium are directed along with vapors of the 
allyltelluride derivatives of this invention, with or 
without premlxing. at a crystalline substrate such 
as cadmium telluride (CdTe). indium phosphide 
(InP). indium antimonide (InSb), gallium arsenide 
(GaAs). alumina, sapphire, silicon, zirconia. In some 
embodiments, the group II element is added as 
metal vapor, e.g. m rcury vapor, by diffusion, e.g.. 
from a pool on the susceptor or by external 
vaporization followed by transport to the heated 
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substrate in a carrier gas. Preferably, the substrate 
is in the form of a wafer which rests on a graphite 
susceptor heated by a ratio frequency, r.f.. induc- 
tion heater. A more detailed description of the 

5 apparatus may be found in J. Electrochem. Soc. 
Solid State Sci. Vol. U6, 1726 (1969); J. Appl. 
Phys. Vo.l. 54, 5087 (1983); Appl. Phys. Lett. Vol. 
46. 398 (1985). Handbook on Semiconductors. Vol. 
3, Chapter 5 p. 350 (1980) and U.S. Patents Nos. 

w 4.368.098 and 4,568.397. 

Using the method of this invention, epitaxial 
films of CdTe. HgTe and HgCdTe are successfully 
grown on CdTe substrate at substrate temperatures 
250-350* C. The ratio of group VI organotelluride to 

IS group 11 compound in the gases fed to the reactor 
can vary widely, but preferably the mole fraction 
ratio will be at least 1:1. In the case in which 
elemental mercury is used as the group II com- 
pound, the mole fraction ratio may be as low as 

20 0.1. More detailed description of specific embodi- 
ments of the invention are described by examples 
below. 



25 EXAMPLE 1 

PREPARATION OF METHYL ALLYLTELLURIDE 

In a 1000 ml pressure bottle equipped with a 

30 stirrer is added 30.2 g. (0.237 mole) of tellurium 
and 400 ml tetrahydrofuran under argon atmo- 
sphere. The mixture is cooled to -78*» with stirring 
and 175 ml of a 1.7 M ether solution of methyl- 
lithium (0.296 mole) is added over a 15 minute 

35 period and allowed to react for 45 minutes. The 
reaction mixture is warmed to room temperature 
and the tetrahydrofuran/ether solvent mixture is 
evaporated under vacuum. 

The residue is cooled to -78** and 250 ml ether 

40 is added followed by 22.6 g (0.296 mole) allyl 
chloride. The reaction mixture is stirred for 18 
hours and filtered. To the filtrate is added 200 ml 
pentane and the etherpentane solution is washed 
with five-500 ml portions of deionlzed water and 

45 the solvent layer is separated and subjected to 
vacuum stripping at room temperature. The residue 
is distilled under vacuum at 45''/23 mm to give a 
total of 31 .7 g (97.2 %) methyl allyltelluride. 

50 

EXAMPLE 2 

PREPARATION OF ALKYL ALLYLTELLU RIDES 

55 Using the general procedure described in Ex- 

ample 1, ethyl lithium, n-propyl lithium, n-butyl- 
lithium and t-butyl lithium are reacted, respectively, 
with tellurium metal to form the corresponding lith- 
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ium organotellurides. The latter are reacted with 
allyl chloride to form, respectively, ethyl allyltel- 
lunde. n-propyl allylteduride. n-butyl aliyltelluride 
and t'butyl aliyltelluride. 



EXAMPLE 3 

PREPARATION OF DIALLYL TELLURIDE 



MOCVD GROWTH OF HgCdTe 

Following the general procedure described in 
Example 4. mixed cool vapors of dimethylmercury. 
5 dimethylcadmium and methyl aliyltelluride are al- 
lowed to impinge on indium antimonide substrate 
to form mercury cadmium telluride [Hgi.xCdxTe], 
Growth rates of 4 tim hr. are achieved for x = 0.2- 
0.3 at 325-350"C. 



Claims 



10 

Sodium telluride is prepared by the reaction of 
sodium and tellurium in liquid ammonia. After evap- 
oration of the ammonia, a solvent, for example 
ether, is added and the slurry is reacted with ally! 
chloride to give diallyltelluride. is 



EXAMPLE 4 

MOCVD GROWTH OF CdTe 20 

Mixed cool (20**) vapors of dimethylcadmium 
and methyl aliyltelluride (MATe) are introduced into 
a vertical MOCVD reactor using palladium diffused 
hydrogen as the carrier gas [a description of the 2s 
type apparatus that may be used is found in Man- 
asevit U.S. Patent No. 4.368.098]. The mixed va- 
pors are directed to a crystalline cadmium telluride 
(CdTe) substrate placed on a graphite susceptor 
which is heated to 290*'C by radio frequency (RF) 30 
induction. At a flow ratio of hydrogen carrier gas 
through dimethylcadmium to hydrogen carrier gas 
through MATe of 0.2. a growth rate of CdTe of 
approximately 3 am/hr per 1 00 SCCM of hydrogen 
flow through the MATe bubbler is obtained. Repro- 35 
ducible. temperature independent CdTe growth 
rates as high as 24 um/hr are achieved at or above 
290 'C. 

40 

EXAMPLE 5 

MOCVD GROmH HgTe 

Following the general procedure described in 45 
Example 4. mixed cool vapors of dimethylmercury 
and methyl aliyltelluride are reacted on a cadmium 
telluride substrate to form HgTe epitaxial films. 
Growth rates of 12 um/hr. are achieved at 325* 
350*. Mercury telluride epitaxial films are also so 
grown on CdTe substrate by the use of excess 
mercury vapors instead of dimethylmercury. 
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1. Organometallic tellurides of the formula: 
R - Te - CH2CH = CH2 

wherein R Is alkyl having 1 - 4 carbon atoms, or 
allyl. 

2. A compound defined by Claim 1 wherein R 
is methyl. 

3. A compound defined by Claim 1 wherein R 
is allyl. 

4. In a process for the preparation of group 11- 
VI epitaxial films which comprises directing vapors 
of at least one group II metal or organometallic 
compound of a group II metal along with vapors of 
an organotellurium compound at a crystalline sub- 
strate in a MOCVD reactor with at least the sub- 
strate heated to temperature sufficient for growth of 
an epitaxial film of a group II tellurium compound 
by reaction of said vapors on the substrate, the 
improvement wherein said organotellurium com- 
pound is a telluride of the formula: 

R - Te - CHaCH = CH2 
wherein R is alkyl having 1-4 carbon atoms or 
allyl. 

5. An improved process defined by Claim 4 
wherein the substrate is heated to temperature in 
the range from 250" to 350 

8. An improved process defined by Claim 4 
wherein the mole, ratios of the telluride vapor to the 
group II organometallic vapor fed to the reactor is 
at least 1:1. 

7. A process defined by Claim 4 wherein the 
organotellurium compound is selected from methyl 
aliyltelluride. . 

8. An improved process defined by Claim 4 
wherein the group II organometallic compound is 
dimethylmercury or dimethylcadmium or both. 

9. An improved process defined by Claim 4 
wherein the mole ratios of group II metal vapor to 
the telluride vapor fed to the reactor is 1:1 to 10:1. 

10. An improved process defined by Claim 9 
wherein the group II m tal vapor is mercury vapor. 

1 1 . A process defined by Claim 6 wherein the 
organotellurium compound is selected from methyl 
aliyltelluride. 
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